Abstract
modest at best. More specifically, with a specificity ranging around 95%, sensitivity ranges however, for participants who are unfamiliar with the test's underlying rationale. Verschuere, 26 Meijer, and Crombez (2008) showed that sensitivity is reduced considerably when 27 participants have been informed about this rationale (i.e. coached). These authors coached 28 half of their participants, and then submitted both naïve and coached participants to a forced 29 choice performance test about autobiographical details. They were able to classify 58% of the 30 naïve liars, but none of the coached liars when using underperformance (i.e., the number of 31 correct items selected) as the criterion. Consequently, the authors conclude that forced choice 1 performance testing is not resistant to coaching.
2
The finding that coached participants beat the 'correct total' criterion (i.e. choosing the 3 incorrect item more often than predicted by chance) fits with the strategy description provided 4 by Orthey, Vrij, Leal, and Blank (2017). These authors proposed that test behaviour is 5 governed by specific strategies, and that these strategies can be categorized into different In CHT, a strategy level indicates the degree to which it anticipates any opponent's strategy.
8
In terms of forced choice performance testing, the test is considered the opponent and the participants by warning them not to underperform, should elicit higher-level strategies, such 21 as deliberate randomization.
22
All three strategy levels occur naturally in naïve guilty examinees. Orthey et al. (2017) 23 found level 2 strategies to be the most prevalent and used by around 50% of their sample.
24
This was followed by level 1 strategies, used by around 45%. Level 0 strategies were the least 25 prevalent and occurred rarely (around 5%). Additionally, these authors linked the prevalence 26 of strategy levels to the detection accuracy cap of the test. The total score criterion was apt at 27 detecting underperformance in level 1 strategies, but was not designed to detect either level 0 28 or level 2 strategies. This shows that the detection accuracy of the test is limited to the 29 prevalence of detectable strategies and that detection accuracy can be increased by also 30 detecting other strategies.
31
Using a level 2 strategy means that examinees will attempt to produce a random 1 sequences of correct and incorrect answers to pass the test. Yet, the correct total criterion is 2 not the only criterion of randomness. Another criterion is the alternation rate. For example the alternate between correct and incorrect answers on subsequent trials at a rate of 50%. Yet it is 7 not the case for guilty examinees. There is strong evidence suggesting that humans cannot 8 properly reproduce randomness. When asked to generate a random response pattern, humans 9 were found to utilize higher alternation rates than expected from true randomness (Nickerson, 10 2002; Wagenaar, 1972) . Multiple estimates suggest that human random responding features 11 an alternation rate of 60% as opposed to randomness's alternation rate of 50% (see Falk & 12 Konold, 1997). In other words, an attempted random mixture of correct and incorrect answers 13 can be expected to exhibit more alternations than a genuine random response pattern.
14 Indeed, the number of alternations between correct and incorrect has been used to was identified using this test.
19
A potential reason for this poor detection accuracy might lie in that -as outline above
20
-the difference between genuine randomness (50% alternation rate) and attempted random 21 responding (around 60% alternation rate; see Falk & Konold, 1997) , is relatively small. Such 
26
In real life, including many items in forced choice performance deception detection 27 tests may not always be feasible. The event may, for example not have enough details the 28 investigators can verify and are exclusively known to the perpetrator (Podlesney, 1983) . If 29 constructing large tests is not possible, another way to enhance detection accuracy is needed.
30
In this experiment we attempted to increase the diagnostic accuracy of the FCT (which produces a total score that falls within chance performance). In our design, Specifically, in the current study we investigated two questions:
What is the effect of coaching on the strategies guilty and innocent participants 
Participants

10
A total of 104 students (78 female) were recruited from the first year population. Students
11
were on average 20.32 (SD = 5.70) years old and received course credit as compensation.
12
Data of one participant were excluded because he did not follow the instructions. Approval simulation terminated once all objects had been interacted with, or after three minutes in the 28 real estate scenario.
29
After completing the scenario, examinees were informed that they were a suspect in a 30 police investigation about a local terrorist and had to pass a lie detection procedure. The 31 examinees who had experienced the intelligence scenario (henceforward referred to as guilty 1 examinees), were instructed to lie and to convince the police that they had never been in the 2 terrorist's apartment. Examinees who had experienced the real estate scenario (henceforward 3 referred to as innocent examinees), were informed that they never had been to the terrorist's 4 apartment and that they were falsely accused. They were told that it was their task to convince 5 the investigators that they had no knowledge of the terrorist apartment. Then examinees were number of alternations between correct and incorrect answer alternatives.
26
Detection accuracy was measured in terms of sensitivity and specificity. Sensitivity Cut offs for the runs criterion were computed with sample parameters of innocent 5 participants for both conditions. There were two reasons for this choice. First, guilty and 6 innocent examinees were expected to deviate from the binary distribution due to our 7 manipulation, which means a cut off based on the binary distribution would not appropriately 8 reflect the differences between guilty and innocent examinees. Second, simulating innocent 9 population parameters was impossible due to lack of population estimates. Consequently, we 10 acknowledge that cut off specific detection accuracy for the runs criterion may be inflated as 11 cut offs were derived from sample parameters as opposed to population parameters. We 12 assessed sensitivity and specificity at the unidirectional 5%, 10%, and 20% cut offs. We 13 choose for multiple cut offs for this criterion, because it measures a different psychological 14 process (i.e. randomization) and therefore no optimal cut off is known yet. .
15
Additionally, we computed the incremental validity of the runs criterion in a two-step 16 classification procedure as in Meijer et al. (2007) . First the sample was subjected to the 17 correct total criterion to detect cases of underperformance using the traditional 5% cut off.
18
Any examinees that passed the correct total criterion were then subjected to the runs criterion,
19
with higher alternation rates than predicted by chance being indicative of deception. Accuracy 20 was expressed as the combined sensitivity and combined specificity.
21
Assessing the accuracy of such a two-step procedure is relevant, because level 2 all types of strategies naturally, but when coached they seemed to endorse either answering 6 honestly or randomising. Naïve guilty examinees also reported using all three strategy levels.
7
Level 2 strategies were the most frequent, followed closely by level 1 strategies. Level 0 8 strategies occurred rarely. When coached guilty examinees exclusively used level 2 strategies.
9
A chi-square test was performed and we found a relationship between coaching and sharp decline in detection accuracy for the correct total criterion in case of coaching, which 11 supports Hypothesis 2.
12
Next we examined the runs criterion. In the naïve condition, a high number of used the unidirectional cut offs of 5%, 10%, and 20%. In the naïve condition, the runs 18 criterion featured a 0% sensitivity at the 5% cut off, which rose to 8% for the 10% and 20%
19
cut off. Specificity was highest for the 5% and 10% cut offs with 92.31%. At the 20% cut off 20 it declined to 80.71%. In the coaching condition, the 5% cut off featured a 7.69% sensitivity 21 and 100% specificity. At the 10% cut off sensitivity increased to 34.62%, but specificity 22 declined to 96.15%. At the 20% cut off sensitivity was 57.69% and specificity was at 69.23%.
23
Thus, for both conditions the best sensitivity/specificity ratio was found at the 10% cut off. In 24 any case the AUCs indicate that number of runs criterion was able to detect coached guilty 25 examinees, supporting Hypothesis 3.
26
Additionally, we expressed the difference between guilty and innocent examinees for Finally we assessed the incremental validity of a two-step classification process. As 10 step 1 we used the correct total criterion with the conventional unidirectional cut off at 11 5%.That is, all participants whose correct total score fell within underperformance were 12 classified as guilty. As the second step the remaining sample was subjected to the runs 13 criterion using the three unidirectional cut offs 5%, 10%, and 20%. Accuracy was expressed 14 as the combined detection accuracy of steps 1 and 2. See table 3 for corresponding 15 sensitivities and specificities. The best ratio of sensitivity/specificity was found at the 10% cut 16 off. In the naïve condition, we found a sensitivity of 56% and a specificity of 84.62%. In the 17 coaching condition, sensitivity was at 42.31% with a specificity of 96.15%. Combined 18 detection accuracies indicated that sensitivity and specificity of steps 1 and 2 were additive,
19
suggesting a unique contribution from each criterion.
20
Discussion
21
We coached half of our guilty and innocent examinees and then submitted them to a conclusion that forced choice testing is not resistant to coaching when using correct total 25 criterion.
26
The AUC of the runs criterion in the naïve condition suggests below chance accuracy 27 levels. With a 10% cut off, this criterion featured a 8% sensitivity and a 92.31% specificity. point instead of the commonly used 5%.
10
We acknowledge that single cut off accuracies may be inflated as the cut offs were 11 computed with a sample instead of population parameters and therefore may be over fitted.
12
However, the value of the runs criterion was clearly present in the AUC in a group served to induce crime-related information in guilty examinees. This is necessary to ensure 5 that the assumption is met that guilty examinees recognize the correct answer alternatives.
6
The psychological construct researched in forced choice testing is how examinees decide to 7 choose on each trial, not how they came to know the correct answer alternatives in each trial.
8
Another potential concern is the validity of verbal self-reports as our measure for concern is that human subjects may not be aware of the true reasons of their behavior and 12 when asked about it can only produce a post hoc rationalization. To address this issue we 13 specifically kept our questions focused on actual test behavior (i.e., 'What did you do to 14 defeat the test?' instead of 'What was your strategy to defeat the test?'). Therefore, the impact 15 of measurement unreliability is kept to a minimum.
16
In sum, we found further support for the idea that guilty examinee's test behavior is 17 governed by a strategy selection process based on their beliefs over the test's mechanism. We 18 conclude that the correct total criterion is vulnerable to coaching, but coached guilty 19 examinees can be detected using our modified runs test. Notes. Total score criterion (step 1) utilized unidirectional cut off of the binary distributions. The number of runs criterion (step 2) was based on the undirectional 5%, 10%, and 20% cut off points corresponding to the innocent samples. Figure 1 Figure heading: Receiver Operating Characteristic (ROC) for correct total and alternations criterion for naïve and coaching condition.
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Figure notes: Note that ROCs in the naïve condition were aberrant. This is likely a consequence of the abnormal distribution of strategy levels used in this condition. In the coaching condition all participants reported using the same strategy level.
